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Abstract

Background We investigate the association between different muscle strength (MS) indices with cardiometabolic variables
in adolescents.

Methods Cross-sectional study comprising 351 adolescents (male 44.4%, age 16.6 + 1.0 years) from Brazil. MS was assessed
by handgrip strength and analyzed in five different ways: absolute MS and MS normalized for body weight, body mass index
(BMI), height, and fat mass, respectively. Cardiometabolic variables investigated as outcomes were systolic and diastolic
blood pressure (DBP), waist circumference (WC), high-sensitive C-reactive protein (hs-CRP), lipid and glucose metabolism
markers. Multiple linear regression models adjusted for confounding factors were used.

Results Absolute MS and/or MS normalized for height was directly associated with WC [up to 32.8 cm, standard error
(SE)=4.7] and DBP (up to 8.8 mmHg, SE=0.8), and inversely associated with high-density lipoprotein cholesterol (up to
—8.0 mg/dL, SE=14.1). MS normalized for body weight, BMI or fat mass was inversely associated with WC (up to —17.5 cm,
SE=2.2). According to sex, MS normalized for fat mass was inversely associated with triglycerides (male: 0.02 times lower,
SE=0.01; female: 0.05 times lower, SE=0.01) and homeostatic model assessment for insulin resistance (male: 0.02 times
lower, SE=0.01; female: 0.06 times lower, SE=0.01), and inversely associated with hs-CRP only among male (0.03 times
lower, SE=0.01).

Conclusion When normalized for body weight, BMI or fat mass, MS was superior to absolute MS or MS normalized for
height in representing adequately cardiometabolic variables among adolescents.
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Introduction markers) in adolescents [1-3]. However, the beneficial rela-

tionship does not seem to be a consensus, given that the

Muscle strength has been directly associated with cardio-
metabolic health benefits (e.g., lower propensity to abdomi-
nal obesity, reduced blood pressure levels, improved gly-
cemic and lipid metabolism, lower values of inflammatory
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absence of association [1-3], or even association between
muscle strength and worse prognosis in relation to cardio-
metabolic variables, has been described [1-3].

The discrepancy for divergent results in the interrelation-
ship between muscle strength and cardiometabolic variables
in adolescents has been attributed to the way how muscle
strength values were expressed in these analyzes [1-3]. This
is because muscle strength can manifest in different dimen-
sions (e.g., maximum strength, power, endurance); there-
fore, it can be assessed in different ways (e.g., standing or
sitting, with or without propulsion, static or with support of
the own body) [4]. Many of these studies investigating this
interrelation (muscle strength/cardiometabolic variables)
used absolute muscle strength values, while others consid-
ered body-volume-related indices [e.g., body weight, body
mass index (BMI), fat mass] or body-length-related indices
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(e.g., height) in the expression of muscle strength values
[1-3]. However, regardless of the manifestation or way of
assessment, since body size has direct impact on the asso-
ciations between muscle strength and cardiometabolic vari-
ables, strategies to consider such impact have been adopted
by studies [1-3, 5].

During adolescence, muscle strength is directly impacted
by body size and body composition components [4]. As con-
comitant with maturational development, muscle strength
will increase as a function of muscle mass and size of muscle
fibers, which explains the direct relationship between body
size and muscle strength [6]. In this sense, it is hypothesized
that when normalized for body-related indices or their indi-
cators (e.g., body weight, height, BMI, fat mass) the values
obtained may be more accurate compared to absolute mus-
cle strength values in predicting health-related results [5].
However, the best strategy to be adopted when considering
the body size in the expression of muscle strength values in
adolescents is currently unknown [1, 2].

Thus, the present study aimed to investigate the asso-
ciation between different muscle strength indices (abso-
lute muscle strength, muscle strength normalized for body
weight, muscle strength normalized for BMI, muscle
strength normalized for height and muscle strength nor-
malized for fat mass) with cardiometabolic variables in
adolescents.

Methods
Study design and setting

This is a cross-sectional study using data from the “Guia
Brasileiro de Avaliagdo da Aptiddo Fisica Relacionada a
Saiide e Hdbitos de Vida-Etapa II”, a school-based popula-
tion study which was carried out in the second semester of
2019 and included representative sample of adolescents aged
14-19 years enrolled in public high schools, living in Sdo
José, Southern Brazil. The study was approved by the Ethics
Committee on Human Research of the Federal University of
Santa (protocol n° 3.523.470).

To determine the sample size, the procedures suggested
by Luiz and Magnanini [7] for a finite population were
adopted. According to data from the Secretariat of Educa-
tion of the State of Santa Catarina, there were 5411 students
(14-19 years old) who were enrolled in the 2019 school
year at 11 eligible public schools of Sao José and distributed
into 186 high school classes (77.1% of students were on the
day shift). In the first stage, the school density was adopted
as a stratification criterion (size small, with less than 200
students; medium, with 200-499 students; and large, with
500 students or more); thus, the schools that predominated
according to size were proportionally selected. In the second
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stage, the study period and the teaching grade were consid-
ered. All students from the selected classes were invited to
participate in the study. A confidence level of 1.96 (95% con-
fidence interval), a tolerable error of five percentage points,
a prevalence of 50%, and a 1.5 design effect were adopted.
We included an additional 20% to compensate for possible
losses and refusals and another 20% to control for potential
confounders in the association analyses [8]. Under these
parameters, the required sample size was 1233 students. In
view of the lack of financial resources, which made it impos-
sible to collect blood information for all evaluated students,
the minimal sample needed to test and identify associa-
tions of interest aimed at in this study (association between
muscle strength with cardiometabolic variables) was calcu-
lated. Thus, considering the statistical analysis that would
be used (multiple linear regression), the number of predictor
variables (five different muscle strength indices), possible
control variables to be included in these models based on
information described in the literature (sociodemographic,
lifestyle and sexual maturation) [1, 2, 9], a medium effect
size (f,=0.15) [10] and the desired power (1-3=0.95), the
required sample of adolescents was 172. Thus, a sub-sample
of adolescents (n =372, based on the availability of the stu-
dents themselves) had blood information collected. Of this
amount, 351 students had all information regarding cardio-
metabolic variables (clinical and blood), muscle strength and
other variables investigated in the present study.

Cardiometabolic variables

Blood pressure measurements were performed using the
oscillometric method through a calibrated Omron (Kyoto,
Japan) electronic and digital device model HEM 742. Blood
pressure [systolic blood pressure (SBP), diastolic blood pres-
sure (DBP)] were collected according to the recommenda-
tions of the literature [11]. The mean of two measurements
either for SBP or DBP was then calculated.

Anthropometric factors [waist circumference (WC),
height, and body weight] were measured [12], and the
mean of 2 measurements for each of these variables was
considered for analysis. WC was measured in the narrow-
est part of the trunk using an anthropometric tape (Sanny®,
Sao Paulo, Brazil). Height was measured with a Sanny® sta-
diometer with tripod (Sao Paulo, Brazil) and body weight
with G-tech® digital scale (Zhongshan, China). BMI was
estimated as continuous variable (kg/mz) [13].

The determination of fat mass was preceded by the cal-
culation of the percentage of body fat (%BF), based on tri-
ceps and subscapular skinfold measurements [12]. Based
on skinfold evaluation, %BF was estimated using a general
predictive equation [14], with specific constants developed
for Brazilian children and adolescents (by sex, according to
age and ethnicity/race) [15]. After the %BF determination,
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the fat mass was obtained by the equation: fat mass = (body
weight X %BF)/100 [15].

Venous blood samples were collected early in the
morning after at least 8 hours of fasting. High-sensitivity
C-reactive protein (hs-CRP, mg/L) was determined by
quantitative turbidimetry method. Lipid profile [cholesterol
(CHOL, mg/dL), triglycerides (TRG, mg/dL), high-den-
sity lipoprotein cholesterol (HDL-C, mg/dL), low-density
lipoprotein cholesterol (LDL-C, mg/dL)], fasting glucose
(FBG, mg/dL), and fasting insulin levels (FIL, mU/L) were
determined by colorimetric test, while homeostatic model
assessment for insulin resistance (HOMA-IR) was calcu-
lated as previously described [16], as follows: HOMA-
IR =(FBG x0.0555 x FIL)/22.5. TRG, hs-CRP, and HOMA-
IR were transformed to their natural logarithm (In) due to
their non-normal distribution.

Muscle strength measures

Muscle strength was assessed by handgrip, measured using
Saehan manual dynamometer (Seoul, South Korea). Dur-
ing evaluation, participants remained standing with arms
outstretched at the side of the body, with the hand and
dynamometer not touching the body [17]. The test was per-
formed on both hands alternately, three times, and the best
result of each hand was summed and recorded in kilograms
force (kgf) [17]. In view of the absence of reference test/
measurement for determining muscle strength levels, and
divergent information regarding the impact attributed to
body composition parameters on muscle strength values
in children and adolescents [1-5], in the present study,
muscle strength was analyzed through five distinct ways
(1) absolute muscle strength (sum of the values obtained
in both hands-kgf); (2) muscle strength normalized for
body weight (sum of the values obtained in both hands and
normalized for body weight-kgf/kg); (3) muscle strength
normalized for BMI {sum of the values obtained in both
hands and normalized for BMI—[kgf/(kg/mz)] }; (4) muscle
strength normalized for height (sum of the values obtained
in both hands and normalized for height-kgf/height); and
(5) muscle strength normalized for fat mass (sum of the
values obtained in both hands and normalized for fat mass-
kgf/fat mass).

Sociodemographic, lifestyle and sexual maturation

Sociodemographic, lifestyle and sexual maturation were
included as control variables due to the relationship with
cardiometabolic variables and muscle strength [1-3, 9]: sex
(male/female), age was collected in years; socioeconomic
level was evaluated by questionnaire that evaluates the pur-
chasing power of the adolescents’ families [18]. Through the
information collected by this instrument, a score that varies

from “E” (lower purchasing power) to “A” (higher purchas-
ing power) was generated.

Physical activity level was assessed by a validated ques-
tionnaire for Brazilian population [19]. Physical activity
level was assessed by the following question: during the
past 7 days, how many days were you physically active for
at least 60 minutes a day (consider the time you spent in any
kind of physical activity that increased your heart rate and
made your breathing faster for some time)? Adolescents who
responded to perform physical activity for at least 60 min-
utes, seven days a week, were considered as meeting recom-
mendations for physical activity [20]. Additionally, those
aged 18 years or over were considered meeting recommen-
dations for physical activity performed at least 150 minutes
of moderate-intensity physical activity throughout the week
or at least 75 minutes of vigorous-intensity physical activ-
ity throughout the week, or an equivalent combination of
moderate- and vigorous-intensity activity (physical activ-
ity) [20].

Information regarding muscle strengthening exercises
were investigated by a question from Health Risk Behav-
iors Project (COMPAC) [21]. The COMPAC questionnaire
presented favorable face and content validity, Kappa index
equal to or greater than 0.27 and intraclass correlation by
thematic unit from 0.51 to 0.96 [21]. The following question
was adopted: during a typical week, on how many days do
you exercise to improve the tone and strength of your mus-
cles such as weight training and gymnastics? Adolescents
who responded get engaged in muscle strength exercises on
three or more days per week were considered as meeting
recommendations for muscle strength exercises [20]. Addi-
tionally, school children aged 18 years or over were consid-
ered meeting recommendations for performance of muscle
strength improvement exercises when they performed mus-
cle strength exercises for at least two times per week [20].

The questions regarding eating habits and smoking came
from the “Fantastic lifestyle” questionnaire, translated and
validated for the Brazilian population [22]. Information
regarding eating habits was collected by questions related
to a typical week: do you have a balanced diet? A balanced
diet was composed of cereals and grains (5—12 servings per
day), fruits and vegetables (5—10 servings per day), meats
and meat products (2-3 servings a day), milk and dairy prod-
ucts (3—4 servings up to 16 years and 2—4 portions over
16 years) [17]. Response options with relative frequency and
often were considered as frequent response. Smoking was
assessed by the follow question: do you smoke cigarettes?
Individuals who responded “never smoked” were considered
negative for smoking, and those that responded more than 10
per day, 1-10 per day, none in the last six months, none last
year were considered as positive for smoking.

The question regarding alcohol use was as follows [19]:
during the last 30 days, on how many days did you drink five

@ Springer



600

World Journal of Pediatrics (2021) 17:597-608

or more alcoholic drinks in a single occasion (a dose corre-
sponding to one can of beer, a glass of wine, a shot of whis-
key, rum, vodka, etc.)? Those who answered at least once
were considered positive response for alcohol consumption.
Sexual maturation was assessed according to Tanner’s
criteria [23] through the use of figures indicating matura-
tional development adopted in a sample of Brazilian school-
children [24]. In the present study, adolescents were clas-
sified as prepubertal, pubertal and post-pubertal [23, 24].

Data analysis

All analyses were performed considering sampling weights
and the survey design. Data analysis was conducted in the
statistical software Stata 13.0 (StataCorp LP, College Sta-
tion, Texas, USA). Mean and standard deviation were used
to describe symmetric continuous variables, and median and
interquartile range (p25—p75) for asymmetric variables. Cat-
egorical variables were presented as percentages (%). Pear-
son correlation coefficient was adopted to verify the relation-
ship between the variables used.

Although the aim of the study was to investigate the asso-
ciation between muscle strength indices and association with
cardiometabolic variables, prior to the beginning of these
analyses, multiple linear regression was used to test the
association of each body-related index (exposure variable)
with each cardiometabolic variable (outcome variable) to
investigate the independence of muscle strength indices and
body-related indices in the associations of interest in the pre-
sent study (association between muscle strength indices and
cardiometabolic variables). In these analyses, body-related
indices not analyzed as the exposure variable, as well as the
muscle strength indices were included as covariates, and
the results presented as regression coefficients (/3) with their
respective standard error (SE). Variance values of the esti-
mated regression coefficients (variance inflation factor, VIF)
were also presented.

To investigate the association between different muscle
strength indices and cardiometabolic variables, separate
multiple linear regressions considering each of the five
muscle strength indices were performed for each dependent
variable (cardiometabolic variables). Results were presented
as 3 with their respective SE and VIF. Results for InTRG,
InHOMA-IR and InCRP were back-transformed to the expo-
nential form (gxpf) and should be interpreted as a risk ratio
compared with the mean value of the respective variable. In
view of the possible effect of sex and age on muscle strength
variation [1-3, 9], interactions between these factors in the
association with cardiometabolic variables were tested in the
regression models. A P value <0.05 for the interaction term
was considered as indicative of heterogeneity of the associa-
tions. Predicted adjusted means of the cardiometabolic vari-
ables and interaction between expressions of muscle strength
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values with sex and age were then estimated and presented
graphically [25]. In the analysis in which statistical sig-
nificance for interaction was identified, the results were
stratified by sex (male/female) and age group (14-16 years,
17-19 years—additional strategies for grouping the sample
in relation to the age group were tested; however, due to
the heterogeneity of this information, the way adopted was
the one that best suited such distribution data not shown in
figures or tables).

A post hoc analysis of power was conducted using the
sample size of 351 students (155 and 167 students for sex
and age, respectively, in the stratified analysis) and an equa-
tion of ten predictor variables was used as a reference. The
recommended effect sizes used for this assessment were
as follows: small (f, =0.02), medium (f,=0.15), and large
(f,=0.35) [10]. The alpha level used for this analysis was
P <0.05. The post hoc analyses revealed the statistical power
for this study was approximately 0.40 for detecting a small
effect, whereas the power exceeded 0.96 for the detection of
a moderate to large effect size in both scenarios (stratified or
not). Thus, there was more than adequate power (i.e., power
*(.80) at the moderate to large effect size level.

Results

A total of 351 students (male 44.4%, age 16.6 + 1.0 years)
with complete information were included in the present
study. Detailed information regarding body-related indices,
cardiometabolic variables, muscle strength, sociodemo-
graphic, lifestyle and sexual maturation indices used in the
present study are available in Table 1.

All muscle strength indices investigated were signifi-
cantly correlated with height, body weight, BMI and fat
mass (P value < 0.05 for all, Table 2). Regarding the results
between muscle strength and cardiometabolic variables, all
muscle strength indices were correlated with WC, SBP and
CHOL (P value <0.05 for all, Table 2). Finally, all body-
related indices (height, body weight, BMI and fat mass) were
correlated with WC, InTRG and InCRP (P value < 0.05 for
all, Table 2). Detailed results for the correlation between the
investigated variables (body-related indices, muscle strength
indices and cardiometabolic variables) can be identified in
Table 2.

Results for the association between body-related indices
(height, body weight, BMI and fat mass) with cardiometa-
bolic variables are available in Table 3. Fat mass was directly
associated with CHOL, HDL-C, LDL-C, InTRG, InHOMA-
IR and InCRP, regardless of muscle strength indices and
other body-related indices (height, BMI and body weight)
entered as covariates in the adjusted models. With the excep-
tion of the model that included muscle strength normalized
for fat mass as a covariate in the adjusted analysis (model
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Table 1 Descriptive characteristics of participants with complete data Table 1 (continued)
for all outcomes investigated in this study (n=351) B
Variables Mean SD
Variables Mean SD
Smoking
Age (y) 16.6 1.0 Yes 63 (18.5)  13.0,25.6
Height (cm) 166.5 9.3 No 288 (81.5) 74.4,87.0
Body weight (kg) 63.6 139 Excess alcohol use
BMI (kg/m?) 22.9 4.4 Yes 150 (42.9)  31.0,55.8
TR (mm) 147 6.0 No 201 (57.0) 44.2,69.0
SE (mm) 12.8 5.8 Maturational status
2 TR +SE (mm) 27.5 114 Prepubertal 39(11.0) 7.4, 16.1
Body fat (%) 21.1 7.4 Pubescent 257 (73.8) 56.3, 86.1
Fat mass (kg) 13.7 6.7 Postpubertal 55 (15.2) 6.9, 30.0
Z\;Sté;r:;oo d pressure (mmHg) ﬁf 0 ?498 SD standard deyiation, CI conﬁder}ce interval, 7R triceps skinfold, SE
subscapular skinfold, WC waist circumference, HDL-C high-density
Diastolic blood pressure (mmHg) 68.2 9.6 lipoproteins cholesterol, LDL-C low-density lipoprotein cholesterol,
Cholesterol (mg/dL) 148.3 329 HOMA-IR homeostatic model assessment index, BMI body mass
HDL-C (mg/dL) 473 113 index‘, MS muscle strength, kgf kilograms force. *Median and inter-
LDL-C (mg/dL) 89.4 27.9 quartile range
Triglycerides (mg/dL)* 58.0 45.0-81.0
Fasting glucose (mg/dL) 80.3 7.1 5), BMI was directly associated with WC when adjusted for
Insulin (mU/L)" 89 6.9-12.4 muscle strength indices, height, fat mass and body weight.
HOMA-IR (%)" 177 1325 Height was directly associated with SBP in an analysis
C-reactive protein (mg/L)" 1.2 0.7-2.1 adjusted for absolute muscle strength or muscle strength
Absolute MS (kgf) 38.7 190 normalized for body weight, fat mass, BMI and body weight.
MS normal?zed for body weight (kng/kg) 0.93 025 Similarly, BMI was directly associated with SBP when the
xz 22;23;223 1{2; fezd;h?{(i?/(}i:glh)t]) 525 8?0 possible effect attributed to abs.olute muscle strer.lgth (model
’ ’ 1) or muscle strength normalized for body weight (model
MS normalized for fat mass (kgf/fat mass) 5.5 24 2), height, fat mass and body weight were controlled for.
n (%) 95% CI Finally, fat mass was directly associated with WC in an anal-
Sex ysis adjusted for muscle strength normalized for fat mass
Male 155 @dd) 377,512 )5 del 5), height, BMI and body weight (Table 3). Sensi-
Fen'léle 196 (35.6)  48.8,62.3 tivity analyzes investigating the possible effect attributed
Ethm’cny/race to absence (Supplementary Table 1), or inclusion of one
White 196 (35.1)  42.5,67.1 (Supplementary Table 2) or two body-related indices (Sup-
Br'own/BlaCIf/YeHOW/Indigenous 155(449)  32.8,57.5 plementary Table 3) as covariates in the adjusted models are
Socioeconomic level available as supplementary material.
DE 515 0.7,3.0 Absolute muscle strength and/or muscle strength normal-
c2 3208 30,274 ized for height were directly associated with WC and DBP,
¢l 85238 17.9,31.0 and inversely associated with HDL-C (P value < 0.05). Muscle
B2 163 (@6.1) 415,508 strength normalized for body weight, muscle strength normal-
Bl 45013.0) 82,199 ized for BMI and muscle strength normalized for fat mass were
A ] o 2AGY 28,119 inversely associated with WC (P value <0.05). When normal-
Physical ?ct1v1ty ] ized for fat mass, muscle strength was inversely associated
Insufficiently active 31087.6) 885,966 it INTRG and InCRP (P value <0.01) (Table 4). In addition,
Physically active ] HA24H LS 133y teractions between sex and age with muscle strength indices
Muscle strength exercise in some of these associations were identified (Table 4).
No 262(73.8) 669,797 Sex-stratified analyzes demonstrated interaction
Yes ] 89(262) 203,331 between muscle strength (all five muscle strength indices)
Balanced diet and InTRG (P value < 0.05, Supplementary Fig. 1). Interac-
Less frequent 309(87.9)  81.8,92.2 tions between muscle strength normalized for fat mass with
Frequent 42 (12.1) 7.8, 18.1

sex were found in the association with SBP, InHOMA-IR
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Table2 Correlations between muscle strength indices, body-related indices and cardiometabolic variables analyzed in the present study

(n=351)
Variables Absolute MS (kgf) MS normalized for MS normalized for MS normalized for MS normalized for fat
body weight (kgf/kg) ~ BMI [kgf/(kg/m?)] height (kgf/height) mass (kgf/fat mass)
Correlation (r) between muscle strength indices and body-related indices
Height (cm) 0.642" 0.383" 0.648" 0.525" 0.471"
Body weight (kg) 0.442" —-0.154" 0.099" 0.407" —0.187"
BMI (kg/m?) 0.149" —-0.383" - 0.326" 0.175" —0.458"
Fat mass (kg) —-0.182" —-0.562" - 0.504" —0.165" —0.698"
Correlation (r) between muscle strength indices and cardiometabolic variables
WC (cm) 0.361" —-0.201" —0.094" 0.355" —0.274"
SBP (mmHg) 0.315" 0.153" 0.223" 0.297" 0.148"
DBP (mmHg) 0.358 —-0.074 - 0.063 0.012 —-0.121"
CHOL (mg/dL) —0.164" —0.139° —-0.191" —0.130" -0.176"
HDL-C (mg/dL) —0.243" —0.089 —-0.150" —0.228" -0.115"
LDL-C (mg/dL) —0.081 —0.100 —0.134" —0.064 -0.118"
INTRG (mg/dL.) -0.043 —0.149" —0.146" —-0.032 —-0.197
InHOMA-IR —0.092 —-0.230° -0.211" —0.088 —0.228"
InCRP —0.069 —0.190" —-0.205" —0.046 —-0.231"
Height (cm) Body weight (kg) BMI (kg/mz) Fat mass (kg)
Correlation (r) between body-related indices and cardiometabolic variables
WC (cm) 0.363" 0.864" 0.845" 0.746"
SBP (mmHg) 0.386" 0.355" 0.241" 0.066
DBP (mmHg) - 0014 0.237" 0.265" 0.284"
CHOL (mg/dL) —0.363" —0.048 0.088 0.268"
HDL-C (mg/dL) —-0.338" —0.389" —0.300" —0.198"
LDL-C (mg/dL) —0.385" 0.039 0.244" 0.286"
InTRG (mg/dL) —-0.211" 0.272" 0.352" 0.394"
InHOMA-IR —0.070 0.324" 0.392" 0.453"
InCRP —0.268" 0.301" 0.427" 0.453"

MS muscle strength, WC waist circumference, SBP systolic blood pressure, DBP diastolic blood pressure, CHOL cholesterol, HDL-C high-den-
sity lipoproteins cholesterol, LDL-C low-density lipoprotein cholesterol, InTRG natural logarithm of triglycerides, [nHOMA-IR natural logarithm
of homeostatic model assessment index, /nCRP natural logarithm of high-sensitive C-reactive protein, kgf kilograms force. “P value <0.05 for

Pearson correlation coefficient

and InCRP (P value <0.05, Supplementary Fig. 2). In addi-
tion, interactions between muscle strength normalized for
BMI with sex (Supplementary Fig. 2) and age (Supple-
mentary Fig. 3) in the association with WC and CHOL
respectively, were identified (P value < 0.05). Moreover,
interactions between muscle strength normalized for height
with sex (Supplementary Fig. 2) and age (Supplemen-
tary Fig. 3) in the association with HDL-C were reported
(P value <0.05).

Adjusted results for the association between muscle
strength indices and cardiometabolic variables according to
sex and age group are described in Table 5. When normal-
ized for body fat, muscle strength was associated with lower
concentrations of INTRG and InHOMA-IR among male and
female, and lower values of InCRP only among male (P
value <0.05).
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Discussion

According to the findings of the present study, the adoption
of absolute muscle strength or muscle strength normalized
to height when compared to muscle strength indices that
included body-volume-related indices can lead to confusion
in the interpretation (direction and magnitude) of the asso-
ciations. Absolute muscle strength and/or muscle strength
normalized for height were directly associated with WC
and DBP, and inversely associated with HDL-C. Muscle
strength normalized for body-volume-related indices (body
weight, BMI or fat mass) were inversely associated with
WC. In addition, muscle strength values normalized for fat
mass were inversely associated with InNTRG and InHOMA-
IR among male and female, and inversely associated with
InCRP only among male.
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Table 3 Adjusted association between cardiometabolic variables and body-related indices among participants of the study (n=351)
Variables Model 1 Model 2 Model 3 Model 4 Model 5

B SE  VIF B SE VIF B SE VIF B SE VIF B SE  VIF
WC (cm)
Height (cm)™>* 070 042 4529 075 048 4496 071 046 4562 073 043 4519 0.69 052 49.02
Body weight (kg)**!  —0.67 0.62 4529 —0.65 0.65 4496 —0.63 0.65 4562 —066 0.62 4519 —0.59 0.70 49.02
BMI (kg/m?)*<4 3.17° 139 4529 330" 155 4496 324" 154 4562 3.15° 139 4519 3.09 1.73 49.02
Fat mass (kg)>*¢ 028 0.7 4529 023 0.5 4496 024 0.15 4562 028 0.17 4519 030" 0.14 49.02
SBP (mmHg)
Height (cm)>* 095" 042 4529 1.05° 047 4496 091 047 4562 099 042 4519 1.02 052 49.02
Body weight (kg)**!  —0.93 057 4529 —0.89 0.63 4496 —0.83 0.63 4562 —090 057 4519 —0.81 0.68 49.02
BMI (kg/m?)*<¢ 317" 158 4529 346" 171 4496 328 171 4562 3.11 159 4519 332  1.87 49.02
Fat mass (kg)>*¢ —0.12 029 4529 —0.18 030 4496 —0.17 030 4562 —0.13 030 4519 —029 038 49.02
DBP (mmHg)
Height (cm)>* 0.04 030 4529 0.06 029 4496 001 030 4562 005 030 4519 007 030 49.02
Body weight (kg)*>¢  —0.11 040 4529 —0.10 038 4496 —0.09 038 4562 —0.11 039 4519 —0.09 038 49.02
BMI (kg/m?)>¢ 023 1.08 4529 028 106 4496 021 107 4562 022 1.08 4519 029 1.10 49.02
Fat mass (kg)>*4 030 020 4529 031 021 4496 033 020 4562 030 021 4519 025 025 49.02
CHOL (mg/dL)
Height (cm)>>* —0.62 089 4529 —059 086 4496 —0.81 0.88 4562 —0.58 0.87 4519 —125 081 49.02
Body weight (kg)*>!  — 048 1.17 4529 —046 1.16 4496 —038 1.17 4562 —046 1.16 4519 0.10 1.09 49.02
BMI (kg/m?)><¢ —0.71 357 4529 —0.62 3.49 4496 —095 3.52 4562 —0.66 3.55 4519 —3.12 337 49.02
Fat mass (kg)>* 1.92° 059 4529 200" 058 4496 2.14° 058 4562 1.87° 058 4519 3.19° 0.83 49.02
HDL-C (mg/dL)
Height (cm)>>* —045 029 4529 —045 028 4496 —044 029 4562 —045 029 4519 —041 029 49.02
Body weight (kg)*>¢ 024 037 4529 024 037 4496 024 037 4562 024 037 4519 020 037 49.02
BMI (kg/m?)*<4 —1.83 1.11 4529 —1.82 1.09 4496 —181 1.10 4562 —1.82 1.11 4519 —1.67 111 49.02
Fat mass (kg)>< 045" 020 4529 043" 020 4496 044" 020 4562 045" 020 4519 037" 025 49.02
LDL-C (mg/dL)
Height (cm)™>* —026 080 4529 —024 078 4496 —043 079 4562 —022 079 4519 —092 0.75 49.02
Body weight (kg)*>!  — 046 1.04 4529 044 1.04 4496 —037 1.04 4562 —044 104 4519 0.13 099 49.02
BMI (kg/m?)><¢ 055 320 4529 0.63 3.15 4496 034 3.17 4562 058 320 4519 —197 3.10 49.02
Fat mass (kg)>¢ 1217 049 4529 129" 049 4496 140" 049 4562 1.16° 049 4519 254" 072 49.02
InTRG*®
Height (cm)™>¢ 099 001 4529 099 001 449 099 001 4562 099 001 4519 098 001 49.02
Body weight (kg)*>¢  1.00  0.01 4529 100 001 4496 1.00 001 4562 1.00 001 4519 1.00 001 49.02
BMI (kg/m?)><¢ 099 004 4529 099 0.04 4496 098 004 4562 099 0.04 4519 097 004 49.02
Fat mass (kg)><¢ 1.02° 001 4529 1.02° 001 4496 1.02° 001 4562 1.02° 001 4519 1.03° 001 49.02
InHOMA-IR®
Height (cm)®* 101 002 4529 100 001 4496 1.00 002 4562 101 0.02 4519 099 0.02 49.02
Body weight(kg)*>d 099  0.02 4529 099 0.02 4496 099 002 4562 099 002 4519 1.00 0.02 49.02
BMI (kg/m?)<¢ 1.02 006 4529 102 006 4496 1.02 006 4562 102 006 4519 098 0.06 49.02
Fat mass (kg)>“4 1.03°  0.01 4529 1.03° 001 4496 1.02° 0.01 4562 103" 001 4519 1.05° 0.01 49.02
InCRP®
Height (cm)™>* 1.03 003 4529 103 002 4496 1.02 003 4562 1.03 003 4519 101 003 49.02
Body weight (kg)*¢ 094  0.03 4529 094 003 4496 095 0.03 4562 094 004 4519 095 003 49.02
BMI (kg/m?)»<¢ 120 012 4529 121 011 4496 1.19 0.11 4562 120 0.12 4519 1.15 0.11 49.02
Fat mass (kg)><¢ 1047 0.02 4529 1.04° 002 4496 1.05° 0.02 4562 1.04° 002 4519 1.07° 003 49.02

Model 1: model including the cardiometabolic variable as an outcome, the corresponding body-related index as the predictor and controlled by
absolute muscle strength plus additional body-related indices; model 2: model including the cardiometabolic variable as an outcome, the cor-
responding body-related index as the predictor and controlled by muscle strength normalized for weight plus additional body-related indices;
model 3: model including the cardiometabolic variable as an outcome, the corresponding body-related index as the predictor and controlled by
muscle strength normalized for BMI plus additional body-related indices; model 4: model including the cardiometabolic variable as an outcome,
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Table 3 (continued)

the corresponding body-related index as the predictor and controlled by muscle strength normalized for height plus additional body-related indi-
ces; model 5: model including the cardiometabolic variable as an outcome, the corresponding body-related index as the predictor and controlled
by muscle strength normalized for fat mass plus additional body-related indices. /3 coefficient of regression, SE standard error, VIF variance
inflation factor, WC waist circumference, SBP systolic blood pressure, DBP diastolic blood pressure, CHOL cholesterol, HDL-C high-density
lipoproteins cholesterol, LDL-C low-density lipoprotein cholesterol, /nTRG natural logarithm of triglycerides, inHOMA-IR natural logarithm of
homeostatic model assessment index, [nCRP natural logarithm of high-sensitive C-reactive protein, BMI body mass index. *Fat mass included as
a covariate; "BMI included as a covariate; “body weight included as a covariate; %height included as a covariate; ‘results expressed in exponential
form and should be interpreted as a risk ratio compared with the mean value of the outcome. P value <0.05

In the present study, muscle strength indices were inves- ~ no consensus on the best strategy to be adopted to consider
tigated in the association with cardiometabolic variables in ~ body size in determining muscle strength [5], it is hypoth-
adolescents because muscle strength can be affected both  esized that the inclusion of height and body weight simul-
by the test used for its evaluation [1-3, 5], and by determi-  taneously in the expression of muscle strength values can
nants of the muscle strength itself [26]. With regard to the  contribute to that muscle quality (instead of muscle quantity)
relationship exercised by the test adopted on the values of  is evidenced, and in this way more accurate results are iden-
muscle strength, some tests to assess muscle strength require tified [4]. Additionally, tests such as the handgrip strength, in
the need for propulsion (e.g., jumps) or body support (e.g., which the need to jump or support the body is not required,
pull-ups), where in fact the direct impact that body size has  are also directly impacted by the size of the body [28]. This
on performance is identified. This is because, concomitant  is because handgrip strength is closely related to body mass,
with the increase in body dimensions, the magnitude of the =~ and the values of muscle strength identified by handgrip
relationship between muscle strength and body size tends  strength will be higher among taller and heavier individu-
to increase, possibly due to the increase in muscle mass and  als, compared to those lower and lighter [4]. In addition,
physiological muscle cross-sectional area (proportional to it is hypothesized that in response to successive exposure
height and body weight) [4]. However, muscle strength  to optimal efforts, both muscle strength and muscle mass
increases at a lower rate than body size [4]. Thus, although will develop [29]. Thus, if the same individual is subjected
it is expected that individuals with larger body dimensions  to the same effort (amount and extent of this activity), the

(body-volume-related indices and body-length-related indi-  muscle strength will be proportional to the body weight, as
ces) have higher muscle strength values [4], these individu- it will act as a load [29]. For this reason, in addition to the
als will also be heavier, which will negatively impact the = impact attributed to the test used to assess muscle strength,
performance of tests involving jumps or body support [27],  body-related indices should be considered in the expression

showing the need to somehow consider body size in the  of muscle strength values [4]. Another aspect that should
expression of muscle strength values. Thus, although thereis ~ be considered is the fact that although muscle strength is

Table 4 Adjusted association” between muscle strength and cardiometabolic variables among participants of the study (n=351)

Outcomes Absolute MS (kgf) MS normalized for MS normalized for MS normalized for height ~ MS normalized for fat
body weight (kgf/kg)  BMI [kgf/(kg/m?)] (kgf/height) mass (kgf/fat mass)

B SE VIF B SE VIF 8 SE VIF B SE  VIF B SE VIF

WC (cm) 020" 0.03 132 —17.47° 220 1.19 -480"" 055 129 3279 466 126 —1.60" 0.08 122
SBP (mmHg) 021 018 132 —047 447 1.19 086 1.84 129 3551 3056 1.26 —0.357 019 122
DBP (mmHg) 006" 001 132 —175 081 1.19 —-022 025 1.29 8.81° 083 126 —-029 0.8 122
CHOL (mg/dL) 0.01 023 132 045 990 1.19 —1.25% 4.04 129 7.6 34.60 1.26 003 022 122
HDL-C (mg/dL) —0.06" 0.09 1.32 557 1.82 1.19 137 127 129 -801°" 1413 1.26 043 0.09 122
LDL-C (mg/dL) 005 010 132 —479 827 1.19 —226 259 129 1344 1553 126 —-020 022 122
InTRG® 1.00" 0.01 1.32 0.817 0.06 1.19 094" 0.03 129 1.297 049 1.26 0.98"70.01 1.22
InHOMA-IR? 1.00 0.01 1.32 0.68 0.15 1.19 090 0.09 1.29 1.40 090 1.26 097" 001 122
InCRP® 1.00 0.01 1.32 0.55 0.13 1.19 0.80 0.07 1.29 1.98 042 126 0.94%10.01 1.22

3 coefficient of regression, SE standard error, VIF variance inflation factor, MS muscle strength, WC waist circumference, SBP systolic blood
pressure, DBP diastolic blood pressure, CHOL cholesterol, HDL-C high-density lipoproteins cholesterol, LDL-C low-density lipoprotein choles-
terol, InTRG natural logarithm of triglycerides, /lnHOMA-IR natural logarithm of homeostatic model assessment index, /nCRP natural logarithm
of high-sensitive C-reactive protein, kgf kilograms force. *All results are adjusted for sex, age, socioeconomic level, physical activity, muscle
strength exercise, eating habits, smoking, excess alcohol use and maturational status; °results expressed in exponential form and should be inter-
preted as a risk ratio compared with the mean value of the outcome. “P value <0.03, Tinteraction with sex, finteraction with age
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Table 5 Adjusted association between muscle strength indices and cardiometabolic variables according to sex and/or age group among partici-

pants of the study (n=351)

Outcomes Absolute MS (kgf) MS normalized for MS normalized for MS normalized for height MS normalized for fat
body weight (kgf/kg) BMI [kgf/(kg/mz)] (kgf/height) mass (kgf/fat mass)
B SE VIF B SE VIF B SE VIF B SE VIF B SE VIF
Male?
WC (cm) -378 073 1.12
SBP (mmHg) -0.18 023 1.12
HDL-C (mg/dL) 1.08 923 1.13
InNTRG® 1.00 0.01 1.13 093 0.06 1.12 099 0.03 1.12 1.84 075 1.13 0.98" 0.01 1.12
InHOMA-IR® 0.98" 0.01 1.12
InCRP® 0.97° 0.01 112
Female®
WC (cm) —-7.00 002 1.08
SBP (mmHg) -0.99 023 1.08
HDL-C (mg/dL) —-21.84 1422 1.08
InNTRG 099 001 1.08 071 0.10 1.08 0.85 0.05 1.08 091 027 1.08 095 0.01 1.08
InHOMA-IR® 0.94" 0.01 1.08
InCRP® 0.85 0.02 1.08
Age group 14-16 y*
CHOL (mg/dL) -6.36 6.23
HDL-C (mg/dL) —-36.25 2747
Age group 17-19 y*
CHOL (mg/dL) 3.87 1.30
HDL-C (mg/dL) 871 1.29

3 coefficient of regression, SE standard error, VIF variance inflation factor, MS muscle strength, WC waist circumference, SBP systolic blood
pressure, CHOL cholesterol, HDL-C high-density lipoproteins cholesterol, /n”TRG natural logarithm of triglycerides, InHOMA-IR natural log-
arithm of homeostatic model assessment index, InCRP natural logarithm of high-sensitive C-reactive protein, kgf kilograms force. *Results
adjusted for age, socioeconomic level, physical activity, muscle strength exercise, eating habits, smoking, excess alcohol use and maturational
status; "results expressed in exponential form and should be interpreted as a risk ratio compared with the mean value of the outcome; “results
adjusted for sex, socioeconomic level, physical activity, muscle strength exercise, eating habits, smoking, excess alcohol use and maturational

status. “P value < 0.05

directly impacted by muscle mass, fat mass can moderate
the magnitude of muscle mass/muscle strength interrelation
[26, 30], in which it is possible that by normalizing muscle
strength for fat mass, possible differences in muscle strength
identified in obese compared to non-obese individuals can
be minimized. Additionally, based on the premise that ado-
lescence is a period of changes in body structures [23], and
that muscle mass plays an important role in maintenance
of growth development [31], it is speculated that the nor-
malization of muscle strength for height allows to include
such development in the structure and body composition,
and that the use of this technique can result in more reliable
muscle strength values. Such assumption is based on the fact
that an increase in fat-free mass throughout puberty occurs
similarly to an increase in height-at least in the shape of the
growth curve [31].

As reported in the literature [2, 3, 5], the results of the
present study indicated that the relationship between mus-
cle strength and WC was dependent on the body-related

indices used to normalize muscle strength. Higher energy
expenditure (increased basal metabolic rate and/or resting
heart rate) due to the greater amount of skeletal muscle and
consequently higher levels of muscle strength support the
plausibility of the beneficial relationship between muscle
strength and WC [32, 33]. However, it has been suggested
that the excess weight often identified in individuals with a
higher WC produces increases in fat-free mass to support
this extra load, which may reflect in higher values of muscle
strength [29]. Thus, given the diversity of aspects involved
in the interrelation between muscle strength and WC, the
adoption of strategies that considering body-volume-related
indices when expressing muscle strength values allows the
establishment of more reliable measures with regard to the
association between muscle strength and WC in adolescents.

In the present study, absolute muscle strength or mus-
cle strength normalized for height was directly associated
with DBP and inversely associated with HDL-C. Although
the results reported in this study are in accordance with
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information gathered in systematic review studies that
covered the same content [1-3], such findings are not a
consensus in the literature, since absence of association
[1-3], inverse association of muscle strength with DBP, or
direct association of muscle strength with HDL-C has been
described among adolescents [1-3]. The plausibility for
the beneficial association of muscle strength with DBP and
HDL-C is based on the hypothesis that the greater contrac-
tile function seen in individuals with higher levels of muscle
strength, contributes to both the maintenance of the endothe-
lium (release of nitric oxide) [34] and the improvements
over muscle metabolic efficiency (e.g., lipid oxidation) [5,
29, 35]. However, according to the findings described in this
study, aspects related to the use of absolute values of muscle
strength or body-related indices adopted to normalize mus-
cle strength contributed to opposite results.

The results of this study have shown that when normal-
ized for fat mass, muscle strength was inversely associated
with InTRG and InHOMA-IR among male and female, and
inversely associated with InCRP only among male. Although
these findings are not reported in previous literature [1-3],
they reinforce the idea that the adoption of strategies aimed
at minimizing the impact attributed to confounding aspects
in determining muscle strength, such as fat mass, may reflect
more sensitive measures in the relationship with cardiometa-
bolic variables. Since muscle mass is the primary tissue for
glucose and TRG metabolism [5], it is hypothesized that
greater muscle strength and, consequently, greater amount
of muscle mass may be associated with benefits to glycemic
and fat function (lipids), which could reflect an improve-
ment in HOMA-IR and TRG levels. The beneficial relation-
ship between muscle strength and inflammatory biomarkers
has been based on an important role that muscle strength
plays in preventing obesity [36], in view of the relationship
between obesity and these biomarkers [37]. However, the
reported association between muscle strength and CRP in
adolescents regardless of body fat or fat-free mass [38] sug-
gests that alternative mechanisms may be involved. Studies
conducted with the elderly have suggested that low-grade
systemic inflammation is closely linked to loss of muscle
mass and consequent muscle strength [39, 40], whose plau-
sibility for this association would be related to the decline in
functional capacity due to the catabolic effect on muscle mass
[5]. However, the mechanisms that could justify the relation-
ship between low-grade inflammation and muscle strength
in adolescents are not known [5], therefore determining the
causal chain of this interrelation in adolescents is necessary.

Although the literature has reported the direct impact
attributed to body-related indices on cardiometabolic vari-
ables in adolescents [41, 42], in the present study, only fat
mass was directly associated with cardiometabolic vari-
ables (i.e., CHOL, HDL-C, LDL-C, InTRG, InHOMA-IR
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and InCRP) regardless of muscle strength or other variables
related to body-related indices (although other body-related
indices were associated with cardiometabolic markers
depending on the muscle strength index inserted as a covari-
ate, in addition to the other body-related indices—BMI and
fat mass were directly associated with WC, and height and
fat mass were directly associated with associated with SBP).
It is hypothesized that the absence of association between
the other body-related indices with the cardiometabolic vari-
ables is related to evident multicollinearity (i.e., one inde-
pendent variable is highly correlated with one or more of the
other independent variables in a multiple regression equa-
tion) attributed to the inclusion of numerous body-related
indices as covariates [43]. When comparing the diagnostic
parameters of the investigated analyses, this assumption is
even more solid, given the high values of VIF and SE identi-
fied, compared to values identified in analyzes that did not
include body-related indices, or included a reduced number
of these indicators in the adjusted models (Supplementary
Tables 1-3). It is worth emphasizing that, in addition to
being directly associated with cardiometabolic variables,
results identified in the present study indicated a direct
association of body-related indices with muscle strength, in
which the hypothesis that body-related indices can mediate
the association between muscle strength with cardiometa-
bolic variables in adolescents cannot be ruled out [44].

Despite the numerous strengths covered in this study, includ-
ing the use of measured information regarding cardiometabolic
variables, and the diversity of strategies adopted to express
muscle strength values, some limitations must be assumed: (1)
the adoption of only one instrument to assess muscle strength,
which limits the investigation of the total dimensions of mus-
cle strength (e.g., muscular endurance, muscular power) is a
limitation of this study; (2) the small number of students with
information for the analysis of interest, which limits the pos-
sibility of inferring the results for the entire sample of students
in the city of Sao José, is a limitation of this study. However, the
available statistical power identified to test these associations
increases the reliability of the identified results.

In conclusion, muscle strength normalized for body
weight, BMI and fat mass was inversely associated with WC.
Absolute muscle strength and muscle strength normalized
for height were directly associated with DBP and inversely
associated with HDL-C. Muscle strength normalized for
fat mass was inversely associated with TRG and HOMA-
IR among male and female, and inversely associated with
InCRP only among male. Based on the findings of this study,
it is suggested that when normalized for body weight, BMI
or fat mass, muscle strength may be superior to absolute
muscle strength and muscle strength normalized for height
in representing adequately cardiometabolic variables among
adolescents.
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